Objective: Tooth agenesis is a multifactorial condition accompanied by morphological differences. This study aimed to investigate the effects of different patterns of tooth agenesis on tooth dimensions. Methods: Records of children registered at the Department of Pedodontics and had tooth agenesis were reviewed, and those aged between 7 and 18 years of age with no systemic diseases, syndromes, or fluorosis were included in the study; the third molars were excluded. The study sample comprised 82 patients with one to six teeth missing (Group 1; hypodontia), 26 with more than six teeth missing (Group 2; oligodontia), and 31 with no missing teeth (Group 3; control). Mesiodistal widths, buccopalatal/labiolingual depths, and cervicoincisal/cervicoocclusal heights of permanent teeth were measured. Data were analyzed statistically. Results: Majority of the teeth in Group 2 were smaller than those in the other groups. Tooth agenesis was correlated with a dimensional decrease in mesiodistal width. Tooth dimensions were generally smaller in patients with tooth agenesis in both jaws (upper and lower) and regions (anterior and posterior). Conclusion: Decrease in tooth dimensions increased with the increase in the number of missing teeth. Teeth with clinically reduced dimensions or modifications during formation should receive additional attention from clinicians with regard to tooth agenesis.
INTRODUCTION
Tooth agenesis, which refers to the congenital absence of a tooth or multiple teeth, is a multifactorial condition accompanied by several morphological variations. The unfavorable effects of this condition on the growth and development of dento-craniofacial structures lead to psychological, esthetic, and functional problems. The treatment of tooth agenesis requires a multidisciplinary approach; therefore, early diagnosis of this condition is important. Decrease in tooth dimensions (microdontia) and differences in tooth form have been reported in patients with tooth agenesis. [1] [2] [3] [4] Moreover, the probability of microdontia increases with the increase in the number of missing teeth. [5] [6] [7] Teeth reflect the biological and physiological ages of individuals; however, variations related to genetic factors and chewing habits could affect the anatomy of the tooth. 8 It has been implied that the probability of tooth agenesis was higher in the case of less frequently used teeth. 9 Highly variable dimensional differences and simpler occlusal anatomy in individuals with tooth agenesis have been reported. 10 Therefore, it is speculated that there might exist a correlation between tooth agenesis and differences in tooth dimensions. 9 Tooth dimensions have been frequently used to investigate the evolution and define variations between different populations. It has been shown that tooth morphology and dimensions have been differentiated during evolution depending on technological, environmental, and dietary changes. 11 In addition, genetic factors have been demonstrated to exert important effects on tooth dimensions. 12 The study which showed that tooth dimensions also decreased in relatives of patients with tooth agenesis supported this information. 7 Furthermore, several studies have confirmed this multifactorial model by demonstrating that both genetic and environmental factors played roles in the occurrence of numerical and dimensional abnormalities in teeth. 6, 7, 13 The current study aimed to investigate the effects of different patterns of tooth agenesis on tooth dimensions.
METHODS
The present study was approved by the Clinical Research Ethics Committee of the Medical School at Suleyman Demirel University. The records of children who had registered at the Department of Pedodontics at the Faculty of Dentistry, Suleyman Demirel University, and had tooth agenesis were reviewed. Then, the patients were recalled and invited to enroll in the current study. Written informed consent was obtained from the patients and the parents of those who volunteered for the study. Children within the age range of 7-18 years, without any systemic diseases or syndromes, including fluorosis due to high levels of fluoride in drinking water, were included in this study. The third molars were not included in the evaluation. A total of 82 patients (54 females and 28 males) with one to six teeth missing (Group 1; hypodontia), 26 patients (13 females and 13 males) with more than six teeth missing (Group 2; oligodontia), and 31 patients (17 females and 14 males) with no missing teeth (Group 3; controls) were designated. Tooth agenesis was diagnosed on the basis of the absence of any sign of crown calcification on the radiograph and any evidence that the tooth had been extracted. Patients with orthodontic treatment, unhealthy gingival or periodontal tissues, and partially erupted, worn, decayed, and/or restored teeth were excluded from the study.
Dental impressions were provided by using the irreversible hydrocolloid impression material, alginate. In order to prevent dimensional deformations, the impressions were poured as soon as possible, and solid cast study models were obtained. In each study model, dimension measurements of existing permanent teeth were performed with an electronic digital caliper, which measured tooth dimensions with a sensitivity of 0.01 mm. The mesiodistal width of the tooth was recorded as the largest distance measured between the mesial and distal contact points by placing the tips of the caliper parallel to the occlusal and buccal surfaces of the tooth. The buccopalatal/labiolingual depth of the tooth was recorded as the largest distance measured between the buccal-palatal or labiallingual surfaces of the tooth by placing the tips of the caliper perpendicular to the plane of mesiodistal measurement. 14 Cervicoincisal/cervicoocclusal height of the tooth was measured by placing the tips of the caliper parallel to the longitudinal axis of each tooth. The largest distances measured between the gingival borders and incisal edges were recorded for incisor teeth, the largest distances measured between the gingival borders and tubercle tips were recorded for canines and premolars, and the largest distances measured between the gingival borders and the planes that crossed through the tubercle peaks were recorded for the molars. 15 Each tooth was measured twice under natural light by the same researcher, and the mean value of both measurements was recorded. If there was any difference between the two measurements, a third measurement was taken. After each measurement, the digital scale was reset and the caliper was re-calibrated. Teeth on which the caliper was not adequately placed were excluded from the study.
Statistical analyses of recorded data were performed using the Statistical Package for Social Science computer program version 18.0 (IBM, United States). The level of significance was accepted as p<0. 05 . In order to overcome methodological errors due to the researcher, two measurements at different time points were obtained from 20 randomly selected individuals prior to the study, and the intraclass correlation coefficient (ICC) value was calculated for the selfcompliance of the researcher.
Data were analyzed in factorial order using the variance analysis technique (factorial ANOVA) for comparisons of the mesiodistal width, buccopalatal/labiolingual depth, and cervicoincisal/cervico-occlusal height of the teeth according to groups and gender, in the current study. Tukey's post hoc test was used to define the differences between the level means of the factors. The dimensions of the teeth based on gender and the presence of tooth agenesis in the jaws and different regions in the oral cavity were analyzed using the same tests. In some subgroups, full factorial ANOVA could not be performed for the teeth with one or no patients, and ANOVA was performed to determine the main effects on those teeth.
RESULTS
The ICC value for self-compliance of the researcher was defined as 0.95 in measuring tooth dimensions. The obtained value was determined to be high, and no statistically significant difference was observed between the measurements.
A comparison of the mesiodistal widths of the teeth according to the groups and gender is shown in Table  1 . The mesiodistal widths of existing permanent teeth, except for tooth numbers 15, 14, 25, 35, 36, 45, and 46, were found to be smaller in Group 2 when compared with the other two groups. Tooth number 22 was the only tooth that presented with a difference in mesiodistal width between Group 1 and the control group. The only statistically significant difference in Group 2 was detected between females and males for tooth numbers 31 and 41; the mesiodistal widths of both teeth were observed to be smaller in females.
A comparison of the buccopalatal/labiolingual depths of the teeth according to the groups and gender is presented in Table 2 . The buccopalatal/labiolingual depths of existing permanent teeth, except for tooth numbers 13, 12, 11, 21, 23, 31, 32, 36, 41, 42, and 45, Indonesia 2018, Vol. 25, No.3, 24-45 were observed to be smaller in Group 2 when compared with the other two groups. Between Group 1 and the control group, a statistically significant difference was defined in the buccopalatal/labiolingual depths of tooth numbers 33 and 43. Nevertheless, no statistically significant difference in buccopalatal/labiolingual depths of the teeth was detected between females and males in the current study. Table 3 presents a comparison of the cervicoincisal/ cervicoocclusal heights of the teeth according to the groups and gender. The cervicoincisal/cervicoocclusal heights of existing permanent teeth, except for tooth numbers 15, 14, 13, 12, 11, 22, 23, 31, 32, 35, and 41, were found to be smaller in Group 2 when compared with the other two groups. No statistically significant difference was detected in the cervicoincisal/cervicoocclusal heights of the teeth between Group 1 and the control group and also between females and males.
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When tooth dimensions were investigated according to the jaw with tooth agenesis, it was revealed that the mesiodistal widths, buccopalatal/labiolingual depths, and cervicoincisal/cervicoocclusal heights of the teeth were statistically significantly smaller in patients who had missing teeth in both the upper and lower jaws when compared with those in the other groups (Table 4- 6) . The mesiodistal widths of upper central and lateral incisor teeth were significantly smaller in patients who had missing teeth in the upper jaw only and in those who had missing teeth in both upper and lower jaws. Furthermore, investigations based on regions with tooth agenesis revealed that the mesiodistal widths and buccopalatal/labiolingual depths of the teeth were significantly smaller in patients who had missing teeth in both the anterior and posterior regions when compared with those in the other groups (Table 7-9). The mesiodistal widths of the upper central and lateral incisor teeth were significantly smaller in patients with missing teeth in both the anterior region only and in those with missing teeth in both the anterior and posterior regions.
DISCUSSION
Various methods have been used to correctly measure tooth dimensions, which are important definition tools for forensic medicine, anthropology, and dentistry. The commonly used techniques involve intraoral measurements or measurements on cast models using a digital caliper, as well as image analysis systems that are supported by computers. The researchers who performed intraoral measurements to define permanent tooth dimensions reported that the dimensions obtained via these measurements were significantly smaller than those obtained on cast models and that this method was more difficult than that performed on cast models. 16 Studies conducted using computersupported image analysis systems demonstrated that these systems could define tooth dimensions faster, in greater detail, and more correctly than the conventional method; multiple calculations could be performed from a single image, and it could overcome methodological errors related to the researcher. 7, 17 However, their accessibility and availability have been limited because image analysis systems are expensive and require appropriate technical infrastructure. 18, 19 On the other hand, some researchers have reported that computer-supported image analysis systems are not superior to the conventional method but can be used as an alternative approach in tooth dimension measurement. 18, 19 In line with this information, digital caliper measurements were performed on cast models to define tooth dimensions in the current study in order to obtain correct and reliable measurements at lower costs. To overcome researcher-related methodological errors, calibration and standardization were provided; each tooth was measured twice, and the mean values of those measurements were recorded. A third measurement was taken in cases where a difference between the two measurements was observed.
Difficulties in using the caliper on the posterior group of teeth were experienced while measuring the cervicoincisal/cervicoocclusal height. Individuals with oligodontia have rarely been encountered; therefore, our data were not limited to any particular age group, which may be considered as a limitation of the current study. Patients who presented with minimal changes at the gingival borders and in tooth wear ratio with respect to the dentition periods, eruption activities, and age may have been evaluated together because of the unlimited age range. However, the study was conducted elaborately taking into account these factors. Partially erupted or worn teeth were excluded, and measurements were performed to provide the researchers with some idea. Our results were similar to that of another study 7 indicating that the cervicoincisal/ cervicoocclusal height measurements obtained from individuals with tooth agenesis were accurate and useful. Nevertheless, researchers should pay attention to age limitations in order to measure tooth dimensions accurately.
It was emphasized that larger studies with larger sample sizes were required so that changes in tooth dimensions could be identified more correctly in individuals with tooth agenesis. 7 In the current study, 82 individuals with hypodontia, 26 with oligodontia, and 31 without tooth agenesis were evaluated. We believe that no patient with oligodontia was missed in this study because the Faculty of Dentistry in our institute is the only one in the district and acts as a referral center for cases requiring special approaches. Moreover, patient applications from neighboring provinces are accepted at this faculty. If the incidence of oligodontia is considered as quite low, it is realized that the number of cases with oligodontia included in this present study was quite high. On the other hand, our study sample was collected on the basis of the voluntariness of the participants; therefore, the sample size could not be increased. This was another limitation of our study. The inclusion of more number of patients with tooth agenesis in future studies is merited.
Measurements of the mesiodistal widths and/or buccopalatal/labiolingual depths of teeth have been performed in several studies. 5, 13, 20 It was indicated that measurement of the mesiodistal width alone is not sufficient for tooth dimension comparisons. 5, 13, 20 Therefore, the mesiodistal width, buccopalatal/ labiolingual depth, and cervicoincisal/cervicoocclusal height, which could reflect the tooth size in more detail, should be measured and evaluated together. 21
Our data supported the findings of previous studies wherein tooth agenesis was reported to be correlated with a dimensional decrease in the mesiodistal direction; 20 the decrease in tooth dimensions was found to increase with the increase in the number of missing teeth. 5 The majority of teeth in Group 2 were smaller than those in the other groups because of the presence of individuals with oligodontia in the group. In the present study, the decrease in mesiodistal width was more commonly observed in teeth belonging to the anterior region when compared with those in the posterior region, which is consistent with the findings of another study. 5 Conversely, decrease in buccopalatal/ labiolingual depth was more prominent in teeth belonging to the posterior region when compared with those in the anterior region. Statistically significant differences in mesiodistal widths and buccopalatal/ labiolingual depths between Groups 1 and 3 were observed in tooth number 22 and tooth numbers 33 and 43, respectively, confirming the morphogenetic fields theory, which claims that the initially developed tooth shows fewer morphological differences when compared with the tooth that develops later depending on the segment in which it is located (incisor, canine, premolar, or molar tooth regions). However, the concept of morphogenetic fields has been considerably updated, and it is now believed that the field and clone models can be viewed as complementary to each other. The clone model proposes that a single clone of pre-programmed cells leads to the development of all the teeth within a particular class but does not provide an explanation for how the dentition develops as a whole, with different tooth classes displaying different shapes. 22 In the incisor segment, lateral incisors and canines develop later than the central incisors due to which they may have presented with more morphologic differences. This may account for the detection of a decrease in tooth dimensions in the group with fewer missing tooth. In Group 2, a statistically significant difference in the mesiodistal widths of tooth numbers 31 and 41 was detected between females and males, with females presenting with smaller teeth when compared with males. Researchers have reported that the teeth of males are generally larger than that of females; 23,24 nevertheless, the lower central incisors do not show any significant difference in size with relation to gender, 24 and the prevalence of both hypodontia and microdontia is reported to be higher in females. 25 On the other hand, the difference related to gender may be misleading because in the current study, tooth numbers 31 and 41 were missing in more than half of the participants in Group 2, whereas the remaining numbers of females and males were not equal.
Defining teeth with smaller dimensions in individuals with tooth agenesis in both jaws (upper and lower) or regions (anterior and posterior) may be attributed to the collection of individuals with a large number of missing teeth in these groups; the decrease in tooth dimensions was also found to increase with the increase in the number of missing teeth. The mesiodistal widths of the upper central and lateral incisor teeth were smaller in individuals who had tooth agenesis in the upper jaw, in both upper and lower jaws, in the anterior region, or in both anterior and posterior regions. The buccopalatal/ labiolingual depths and cervicoincisal/cervicoocclusal heights of the upper lateral incisor teeth were smaller in individuals with tooth agenesis in the upper jaw only. These findings are similar to those reported in another study, which investigated whether the prevalence and pattern of dental anomalies associated with hypodontia isolated in the maxilla were different from those isolated in the mandible and concluded that maxillary hypodontia was significantly associated with microdontia of the maxillary lateral incisors. 26 Furthermore, isolated bilateral absence of maxillary lateral incisors have been associated with reduced mesiodistal width in both maxillary and mandibular anterior segments. 27 These findings support the theory that the regions of the incisor and premolar teeth may be more sensitive to specific threshold values of gene activities required for normal development. 28
CONCLUSION
The decrease in tooth dimensions increased with the increase in the number of missing teeth in the current study. Teeth with clinically reduced dimensions or morphologic modifications during formation should be carefully evaluated by clinicians, especially with regard to tooth agenesis. Further studies including a larger study sample with limited age range will be able to provide additional information about the dimensions of existent teeth in patients with tooth agenesis. Sharood M, Brook 
*Teeth with one or no patient. †Capital letters "A, B" indicate differences between means of genders, and small letters "a, b" indicate differences between the group means. *The presence of the tooth in one or no patient. †Capital letters "A, B" indicate differences between means based on gender, and small letters "a, b" indicate differences between the group means. 
*The presence of the tooth in one or no patient. †Capital letters "A, B" indicate differences between means of genders, and small letters "a, b" indicate differences between the group means. *The presence of the tooth in one or no patient. †Capital letters indicate differences between means based on gender, whereas small letters indicate differences between the group means.
